This article aims to assess the impact of the euro on the Lithuanian international trade by detecting the changes of the relevant economic indicators before and after the country's entry into the Eurozone.
INTRODUCTION
Although scientific literature is rich in research on the advantages and possible threats of monetary unions, the benefit provided by the common currency to the economies of different countries still remains a topical issue. Introduction of the common currency in Europe was an important step towards further integration and development of the economies of the EU member states. After the entry into the EU in 2004, Lithuania started the processes of integration in the common Economic and Monetary Union. The first attempt to introduce the euro in 2007 failed due to incompliance with one of the criteria of the convergence (in particular, inflation rate). Later on, the economic recession in Lithuania over the period of the global financial crisis delayed the plans of the common currency introduction. Nevertheless, Lithuania was able to introduce the common European currency on 1 January 2015 and became the nineteenth member of the Eurozone. As already mentioned, participation in a monetary union may have both positive and negative effects. Hence, it is purposeful to assess which economic changes are brought about by adoption of a common currency in each of the countries-participants.
The majority of the studies on the plausible impact of the euro on economies were carried out before the adoption of the common currency in particular countries, and only a small part of the studies focused on the assessment of the effects of the common currency after its introduction. The advantages and disadvantages of the euro adoption in different countries, as well as the impact of the euro on the main directions of national economies were analysed by Borowski et al. (2004) , Bitans and Kaužens (2004) , Šuster et al. (2006) , Levišauskaitė and Samys (2012) and others. In the case of Lithuania, a plausible impact of the euro on the Lithuanian economy was researched by Kuodis (2005) , Kropas and Kropienė (2005) , Davulis (2012) , The Bank of Lithuania (2013) and others. The aim of the article is to assess the impact of the euro on the Lithuanian international trade by detecting changes of relevant economic indicators before and after the country's entry into the Eurozone.
The article is divided into the following sections. It starts with the theoretical aspects of pros and cons of the common currency, as well as the review of the previous research based on the impact of common currency on trade. Then, we present data and methods of our research. This research is based on the gravity model of trade which is estimated by the panel least squares method. Afterwards, the results of the estimated gravity model are presented and discussed. The conclusions are formulated in the last part of the article.
LITERATURE REVIEW
Scientific studies on the creation of monetary unions are mostly based on the optimum currency area theory (OCA) developed by Robert Mundell in 1961 . Mundell (1961 argues that the adoption of a common currency is not economically beneficial to countries. He also defines OCA as a geographical area where a common currency could generate maximum economic benefits. The classical theory of OCA was also researched and further developed by McKinnon (1963) , Kenen (1969) , Ingram (1973) , Corden (1972) and Ishiyama (1975) . New attitudes towards the theory of OCA together with the results of the empirical research were presented by Tavlas (1993) , Frankel and Rose (1998) , Bayoumi and Eichen-green (1997) , Alesina, Barro and Tenreyro (2002) , Fidrmuc (2004) , Horváth and Komárek (2002) , Broz (2005) , Mongelli (2008) and others.
The majority of scholars consider lower transaction costs as the main advantage of a common currency (Mundell, 1961; Broz, 2005; Mongelli, 2008; Silva & Tenreyro, 2010; Svrtinov, Trajkovska, & Temjanovski, 2014) . Reduction of transaction costs is, in principle, linked to the growth of international trade among the member countries of a monetary union. According to Mongelli (2008) and Alesina, Barro and Tenreyro (2002) , growing trade inside a monetary union determines lower transaction costs, which, in turn, strengthens the domestic market of goods and services, reduces the risk of investment, raises the scope of FDI and ensures better allocation of resources.
In addition to lower transaction costs, elimination of currency exchange uncertainty is considered to be another direct advantage of a common currency (Svrtinov, Trajkovska, & Temjanovski, 2014) . Growth of international trade is to the largest extent promoted by elimination of currency exchange uncertainty, which, in turn, determines reduction of transaction, currency exchange, insurance and other types of costs, diminishes the risk of trade transactions and decreases price volatility.
The empirical research proposes that the volumes of trade among the member countries, which initiated the creation of a monetary union or later joined it, tend to increase. Nevertheless, some empirical studies show that the rates of trade growth may vary, and the overall volumes of trade much depend on the period under analysis, the group of the countries involved and the statistical model employed for the research. Although a large number of studies are based on the gravity model of trade, employment of different variables may lead to different research results.
The first attempts to assess the impact of a common currency on international trade were made by Rose (2000) . By employing the gravity model of trade, the author assessed the impact of exchange rate fluctuations and a monetary union on international trade in 186 countries. The results of the research revealed that the countries with a common currency trade with each other more actively (approximately three times) in comparison to the countries with different currencies. The studies carried out by other authors did not disclose any significant growth of trade among the countries with a common currency. The largest part of the studies was conducted based on the experience of the Eurozone member countries, i.e. the researchers attempted to assess the impact of the newly-adopted common currency on international trade of the member countries in 1999 (Table 1) .
Referring to the study conducted by Rose (2000) , Rose and Wincoop (2001) note that the establishment of the European Monetary Union (EMU) has reduced trade barriers and has led to an increase in EMU's trade volumes by over 50%. By employing the data of the Eurozone domestic trade for 1965 -2001 , Bun and Klaassen (2002 estimated that the adoption of the euro contributed to an increase in the Eurozone's domestic trade by 3.9% over the first year, and by 9.6% over the third year; in the long run, the Eurozone's domestic trade was expected to increase by 40%. Glick and Rose (2002) used a large annual panel data set covering 217 countries that participated in and left currency unions from 1948 through 1997 and estimated that 'a pair of countries that starts to use a common currency experiences a near doubling in bilateral trade' (Glick & Rose, 2002 , p. 1125 .
On the other hand, the inclusion of the time trend in the model of the research revealed that the impact of the euro on the Eurozone's domestic trade constituted only 3% over the period under research (Bun & Klaasen, 2007) . A slightly higher impact was obtained by De Nardis and Vicarelli (2003) who noted that the adoption of the euro had a positive, although not very significant, impact on bilateral trade between the European countries. While analysing the data of 11 Eurozone member countries and 21 other countries for 1980-2000, the authors estimated that after the establishment of the EMU, an increase in its domestic trade composed 8.9% to 9.7%, considering the relevant terms of the model. These results reveal a short-term impact of the common currency on the intra-EMU trade, meanwhile the longterm impact is more significant and amounts to 16.0-18.7%.
Table 1. Summary of the Empirical Research on the Impact of a Common Currency on Bilateral Trade

Authors
Period under research
Effect of common currency/euro on bilateral trade Rose, Wincoop (2001 ) 1970 -1995 58% Bun, Klaassen (2002 1965-2001 3.9-9.6%; 37.8% Glick, Rose (2002) 1948-1997 90% Bun, Klaassen (2007) 1967-2002 3% De Nardis, Vicarelli (2003) 1980-2000 8.9-9. 7% Flam, Nordström (2003) 1989 Sadeh (2014) 1991-2011 84-107% Glick, Rose (2016) 1948-2013 50%
Source: own study. Flam and Nordström (2003) found that introduction of the euro earlier than in 2002 contributed to an increase in the overall volumes of trade among the Eurozone member countries by 15%, while the volumes of trade with non-Eurozone countries grew by 8%. Later research disclosed that the common currency increased the Eurozone's domestic trade by 26% over the period [2002] [2003] [2004] [2005] in comparison to the period 1995-1998, while the volumes of trade with non-Eurozone countries increased by 12% (Flam & Nordström, 2007) .
One of the most comprehensive studies on the impact of the euro on the volumes of trade was conducted by Micco, Stein and Ordoñez (2003) who employed several gravity models on trade under different conditions. Using the data of 22 countries (including 11 countries of the Eurozone), the authors estimated that the volumes of bilateral trade between the countries of the Eurozone grew by nearly 4%-10% in comparison to the volumes of bilateral trade between non-Eurozone countries; the overall growth of the volumes of trade among the countries of the Eurozone constituted nearly 9%-16% in comparison to the overall growth of the volumes of trade among non-Eurozone countries. Baldwin, Skudelny and Taglioni (2005) proved that elimination of relatively insignificant trade barriers might have an extremely significant impact on the volumes of trade. The results of their research revealed that only the establishment of the EMU increased An Impact of the Euro Adoption on the International Trade of New EMU… | 205 the volumes of the Eurozone's domestic trade by 70%-112% in accordance with the defined terms of the research, while the volumes of trade between third countries and the countries of the Eurozone grew by 27%.
By employing the data of 22 industrial countries for 1948 , Berger and Nitsch (2008 found that trade intensity among European countries had been gradually increasing even before introduction of the common currency. Nevertheless, the authors also estimate that the volumes of trade between the EMU member countries have increased by about 15% after the adoption of the euro (while other factors remain constant). Authors argue that '…the finding of a sizable increase in trade after the introduction of the euro are very sensitive to the analyzed time period and the regression specification' (Berger & Nitsch, 2008 , p. 1248 . Maliszewska (2004) researched the flows of trade between the EU member countries and the countries of Central and Eastern Europe. The results of the research revealed that the impact of the euro on the overall volumes of trade amounted to 26.5%. In addition, it was established that the common currency should determine an increase in the volumes of trade in all new Eurozone member countries, especially in the ones (e.g. Poland, Latvia, Lithuania) which have not yet reached the level of trade integration typical of the EU oldtimers. Using the data of 29 countries (including 25 EU member countries) for the period 1990 , Brouwer, Paap and Viaene (2007 estimated that the impact of the EMU on the direct exports of the Union members accounted for nearly 7%. However, the authors noted that the impact of the euro on the volumes of trade in each of the countries might vary from 0.84% in Lithuania to 13.3% in Malta. Pareja, Vivero and Serrano (2008) analysed the impact of monetary unions on the intensity of trade flows. By employing the gravity model of trade and the data of 25 countries for the period 1950-2004, the authors found that monetary unions promoted domestic trade among the countries-participants, and the impact of the euro on the volumes of the Eurozone's domestic trade grew from 38% to 71% over the period under research. It was also established that regional trade unions had an economically significant positive impact on the volumes of domestic trade inside the union: for instance, the volumes of domestic trade grew by 48% in the EU member countries and by 30% in EFTA and NAFTA member countries over the period under research. Camarero, Gomez and Tamarit (2013) analysed the long-run effect of the euro on trade for the twelve initial EMU countries for the period 1967-2008. The results show that the euro has had a positive though small effect on trade, but the effect of the EMU is not equal in all countries. The study accomplished by Sadeh (2014) encompasses 145 countries; however, the research excludes transition economies and includes just 11 euro area member states. This study argues that the euro area more than doubled trade among its members, but this process was delayed and fitful.
Glick and Rose repeated the study in 2016. The authors used a variety of models and a panel of annual data that covers more than 200 countries between 1948 and 2013, including fifteen years of EMU. The authors found that different econometric methodologies deliver different results. At the same time, the authors stated that the most appropriate methodology they used (a panel approach which included country-pair fixed effects on the largest possible span of data across countries and time) indicated that the EMU had boosted exports by around 50%.
Some scientific articles propose that the new members of the EMU do not obtain such significant trade benefits as the countries that joined the union at the beginning of its formation. Aristovnik and Meze (2010) , who researched the trends of trade growth in Slovenia over the period 1996-2006, found that after the establishment of the EMU, Slovenian exports to the countries of the Eurozone increased by 10.6% in the short run, while the imports from the countries of the Eurozone dropped by 6.6%. However, no positive longterm effects of the EMU on the volumes of Slovenian trade had been observed. Similar results were reported by Cieślik, Michałek and Mycielski (2012) who employed the data of Slovakian and Slovenian trade for 1992-2009 and estimated that neither the membership in the EMU nor adoption of the euro contributed to an increase in the exports of the countries under research. Based on the research results, the authors state that introduction of the euro in the future should not significantly contribute to the development of trade in other new EU member countries from Central and Eastern Europe. Jagelka (2013) investigated four new member states of the EMU (Slovakia, Slovenia, Malta and Cyprus) and concluded that their trade with other countries of the euro area had risen by 9%.
On balance, the analysis of the scientific literature on plausible impact of a common currency on international trade (considering the case of the EMU in particular) proposes that scientific studies report rather different results concerning the impact of the euro on the volumes of the Eurozone's domestic trade and the impact of the common currency on the volumes of trade between the members of the monetary union and third countries. The differences in the results might have been determined by dissimilar periods under research, the variety of groups of countries and the differences in the statistical methods employed. In addition, previous studies reveal that the impact of the euro on the volumes of trade in the new EMU member countries may also differ from that in the old-timers; in some cases, the results may vary for short-and long-term research because trade gains its highest intensity only in the long run after introduction of a common currency.
MATERIAL AND METHODS
Based on the analysis of previous research, the hypothesis that the euro adoption has a positive and significant impact on the trade volumes of Lithuania is tested. Previous empirical research on international trade was mostly based on the gravity model of trade. The classical gravity model enables to assess bilateral trade between the countries, when trade depends on the size of trade partners' economies (commonly measured in GDP) and distance between the countries. According to Micco, Stein and Ordoñez (2003) and Flam (2009) , the gravity model of trade is one of the most successful methods developed for the empirical research of international trade as well as for explanation of the flows of bilateral trade between countries. The variables of the model in economic research are commonly presented as logarithms, and a double logarithm (log-log) regression model has been developed (Rose, 2000; Bun & Klaassen, 2007) : Coefficients of the variables in the model show elasticity of trade in respect of the determinants that are incorporated, i.e. the model reveals a one-percent change in trade when the values of GDP or distance between the countries vary.
In some empirical studies, authors additionally incorporate other types of variables that may have the impact on the flows of trade between the countries under research, for instance, GDP per capita, exchange rates or their fluctuations, rates of economic growth etc. What is more, with a view to assessing the impact of additional variables on the flows of trade, the gravity model can be complemented with dummy variables, which reveal the significance of the common language and border (in the case of regional trade unions) as well as influence of the common currency and other determinants on bilateral trade (Rose, 2000; Micco, Stein, & Ordoñez, 2003; Flam & Nordström, 2003; Bun & Klaassen, 2007) .
Hence, with reference to the analysis of previous empirical studies, the gravity model of trade is employed to assess the impact of the euro on trade volumes between Lithuania and other countries (Formula 2). It incorporates standard variables, i.e. GDP and distance between trading countries, and a dummy variable, i.e. the euro.
where: -value of trade (sum of exports and imports) between Lithuania (LT) and a foreign country j at time moment t; -Lithuanian GDP at time moment t; -GDP of a foreign country j at time moment t; !"
-distance between Lithuania and a foreign country j; $ -dummy variable that gains value 1 if Lithuania and a foreign country j have the same currency, i.e. the euro at time moment t, and value 0 otherwise.
The coefficient β4 reveals the impact of the euro adoption on the Lithuanian trade. Since dependent variable TRADE is expressed as a logarithm, the variation of trade induced by having common currency $ = 1 with respect to the case of not having common currency $ = 0 is given by
The analysis includes 40 foreign countries (trade partners) and estimation of the model is carried out on data for the period 2002-2016. The research covers the annual volumes of the Lithuanian trade (exports and imports of goods) with 40 main trade partners that accounts for nearly 95% of the total volume of the Lithuanian international trade. The countries under investigation are 27 EU member countries (17 members of the Eurozone) and 13 other countries, i.e. China, Canada, USA, Russia, Belarus, India, Japan, Kazakhstan, Norway, South Korea, Turkey, Ukraine and Switzerland.
The data on exports and imports of the countries were extracted from the United Nations (UN) Comtrade Database, and the data of GDP were obtained from the National Accounts Main Aggregates Database. The values of exports, imports and GDP are expressed in US dollars; the distance between the countries is measured as a distance between the capitals in kilometres, based on World Distance Calculator. The statistical analysis of the data is performed and the gravity model is estimated using software EViews.
RESULTS AND DISCUSSION
The gravity model of trade, presented by equation (2), is employed to assess the impact of the euro adoption on the Lithuanian international trade. Descriptive statistics of the analysed variables is presented in Table 2 . The largest trade partners of Lithuania are Russia, Germany and Poland, meanwhile the least trade volumes are observed with small countries such as Malta, Cyprus and Luxembourg. Source: own study. Table 3 presents correlation coefficients between variables. As none of the variable is distributed by normal distribution because of strong outlier effect (great differences among countries) Spearman rank-order correlation coefficient is used. Trade significantly correlates with distance, Lithuanian GDP and GDP of foreign countries, but this relation is not strong. All correlation coefficients between trade and other indicators are positive except distance, which means that trade volumes are higher with large, adjacent economies and countries with the same currency (EUR). Correlation coefficients between independent variables are also quite low, so multicollinearity problem does not exist. The panel least An Impact of the Euro Adoption on the International Trade of New EMU… | 209 squares method is used to estimate the parameters of the model. Estimates of parameters and other characteristics of the model are presented in Table 4 . All parameters are significant at the significance level of 0.05, and the adjusted coefficient of determination amounts to 0.7088, which proposes that independent variables in the regression model explain variations of the dependent variable (i.e. the Lithuanian international trade) by 70.88%. One-percent increase in the value of GDP of a foreign country determines an increase in the Lithuanian international trade by 0.80%; one-percent increase in Lithuanian GDP determines an increase in the Lithuanian international trade by 0.47%.
The analysis of the dummy variables proposes that the euro has a positive impact on the volumes of the Lithuanian international trade. The impact of the euro on the Lithuanian international trade is estimated by formula (3):
Hence, the impact of the euro adoption on the Lithuanian international trade accounts for about 44%, while the other conditions remain stable. Comparing these results with the ones obtained in previous scientific studies, it can be stated that similar results were reported by Pareja, Vivero and Serrano (2008) , Glick and Rose (2016) , who established that the impact of the euro introduction on international trade makes up 50%.
The analysis of effects shows that random cross-sections and time effects are significant. The Hausman test accepts the null hypothesis that there is no misspecification see (Table 5) . So, the errors are not correlated with the regressors. However, effects do not improve the model as its precision is even lower comparing with the model without effects (Table 6 ). The results of panel regression with random cross-sections and time effects show that effect of the euro is lower, i.e. 23.32%. Similar results were reported by Maliszewska (2004) , Flam and Nordström (2007) (Table 1) . Since the current research covers only the two-year period after the adoption of the euro in Lithuania, it should be noted that the results of the estimations do not reflect a plausible long-term impact of the common currency on the Lithuanian international trade. In the long term, the country's international trade can be affected by a variety of economic and political factors. In comparison to 2014, the Lithuanian international trade in 2015 decreased due to significantly lower volumes of trade with the Commonwealth of Independent States (CIS), for instance, Russia, Belarus and Kazakhstan. The results of the research show that the share of the Lithuanian trade of goods with the countries of the Eurozone compared with the entire volume of trade grew from 39.0% to 42.2% (i.e. by 3.2 percentage points) in 2015, while the share of the Lithuanian trade with the rest of the EU member countries grew by 1.9 percentage points (Figure 1) .
Summarising the results of the empirical research, it can be concluded that the adoption of the euro in Lithuania has a positive impact on the country's trade volume.
CONCLUSIONS
The analysis of the Lithuanian international trade before and after introduction of the euro revealed that the common currency had a positive impact on the changes of trade. The impact of the euro adoption on the Lithuanian international trade, assessed employing the gravity model, amounts to 23-44% and depends on the model used, i.e. whether random cross-sections and time effects are included or not. Comparing the results of the estimations with the ones obtained in previous scientific studies, it was observed that similar results were reported by Maliszewska (2004) , Flam and Nordström (2007) , Pareja, Vivero and Serrano (2008) , Glick and Rose (2016) . On balance, it can be stated that the adoption of the common currency contributed to an increase in the Lithuanian trade with the main partners. Studies of other researchers showed that different impacts of the common currency on trade volumes and results depend on many factors, i.e. country, period, method and so on. This research supplements previous studies and reveals that the euro adoption has a positive impact on specifically Lithuanian trade volumes. The results can be used to discuss the positive impact of the common currency on a country's economy. It is important for those EU members which still have not adopted the euro.
Since this research covers only a two-year period after adoption of the euro in Lithuania, it should be noted that the results of the estimations do not reflect a long-term impact of the common currency on the Lithuanian international trade. As a consequence, the study should be repeated in several years to refine the results.
